The underlying pathogenetic mechanisms of nondipping blood pressure (BP) pattern are not completely understood. Especially the role of psychosocial correlates remains unclear. The aim was to assess the association between nondipping BP pattern, behavioural and psychosocial factors in a sample of working men and women. The study sample included 167 working men and women aged 40-64 years from the BELSTRESS cohort. Sociodemographic, behavioural and psychosocial factors were assessed by self-administered questionnaires. Participants were medically examined and underwent an ambulatory BP monitoring during 24 h. Nondipping was defined when the average nocturnal decline in BP was o10%. The prevalence of nondipping for both systolic and diastolic BP was 7.8%. Nondipping was not significantly related to smoking, alcohol consumption and leisure time physical activity. A crude significant association was observed between nondipping and sleep problems. After adjusting for gender, education and body mass index, the risk for nondipping was associated with job strain, living alone, being unsatisfied about the contact with one's children, depressive symptoms and vital exhaustion. Nondipping BP pattern was consistently related to psychosocial factors in this study: positive associations were observed with measures of job strain, poor private life support (living alone and being unsatisfied about the contact with one's children) and mental health problems (depressive symptoms and vital exhaustion).
Introduction
In recent decades, the importance of circadian patterns of blood pressure (BP) and heart rate was increasingly recognized. A normal circadian rhythm of BP is characterized by a nocturnal decrease of 15-25% in the average BP compared with the average awake BP. 1 This nocturnal BP decline is blunted in some individuals, a phenomenon referred to as nondipping. Nondipping is usually defined as a decline in BP during sleeping hours of o10%. Since the classification into dippers and nondippers was introduced in literature in 1988, 2 there is a growing body of evidence suggesting that nondipping has great clinical importance. Various studies showed that nondipping is related to an increased risk of cardiovascular morbidity and mortality. [3] [4] [5] [6] The relation between nondipping and worse cardiovascular outcome has been shown above and beyond mean values of BP. 7 Nondipping BP pattern is not at all times accompanied by BP elevation and both have different significance. Several cohort studies highlighted that the observed prognostic value of nondipping regarding cardiovascular morbidity and mortality was independent of overall 24 h levels of BP. 5, 6 It is, therefore, imperative to identify possible risk factors and correlates of nondipping for the purpose of developing adequate prevention.
Although the clinical importance of nondipping has been documented in both cross-sectional as well as prospective cohort studies, the underlying pathogenetic mechanisms of this phenomenon are not completely understood. An impaired autonomic nervous system activity has been suggested as one of the possible pathophysiologic mechanisms of impaired nocturnal BP decline. 8, 9 A review on this topic has shown that there is also evidence to suggest an association with some demographic, lifestyle and physiological factors such as age, gender, ethnicity, lower socio-economic status, lack of physical activity, nutritional factors, tobacco smoking and sleep quality. 8 In addition, the review revealed that psychosocial factors such as anger, hostility, depression and stress have been reported among hypertensive individuals with a nondipping BP profile, although this needs confirmation in larger study groups using standardized methods. 8 On the whole, the available literature on nondipping and psychosocial variables is scarce, with results often based on small clinical samples, resulting in mixed findings. [10] [11] [12] [13] [14] [15] Moreover, to our knowledge no studies have examined work-related stress in relation to nondipping in a sample of people at work.
The aim of this study was to assess the association between nondipping BP pattern, behavioural and psychosocial factors in a sample of middle-aged men and women at work free from overt coronary heart disease.
Methods
Study population BELSTRESS II was the second phase of an epidemiological cohort study on work-related stress and health and was conducted in [2002] [2003] . 16 A total number of 2821 men and women between 40 and 64 years old from nine companies or public administrations in Belgium volunteered to participate in the study by means of self-administered questionnaires and a bioclinical examination. The response rate of the study was 68.5%.
Within four of the nine organizations, a subsample was randomly selected for a supplementary study with ambulatory BP measurements; this selection of organizations was based on practical reasons regarding feasibility of the fieldwork. 17 These organizations included two public administrations, one company from the secondary sector and one organization from the service sector. People taking medication for elevated BP were excluded from this study, as well as participants with a previous hospitalization for coronary heart disease (including peripheral vascular disease). Other conditions such as stroke or diabetes were not excluded. The population of this study included 178 workers from 4 companies or public administrations, which was 66% of the invited subjects. Informed consent was obtained from all participants. For the analysis of nondipping, eight participants working in night shifts were excluded because this has been shown to influence the circadian BP rhythm. 18 We further excluded three participants who had no valid readings of ambulatory BP at night, resulting in a final sample of 167 middle-aged workers (100 men and 67 women). Of these 167 participants, 49 (29.3%) had a mean 24 h ambulatory BPX130/ 80 mm Hg. This study was approved by the ethics committees of the University Hospital of Ghent and the Faculty of Medicine of the Free University of Brussels.
Data collection
Questionnaire and anthropometric measurements. The questionnaire contained information on gender, age, educational level and occupational group. Low education was defined as primary school level only, medium education as secondary school level and high education as high school or university. Occupations were defined according to the International Standard Classification of Occupations and grouped into executive, white-collar and blue-collar workers. 19 Participants were asked about their smoking status, average alcohol consumption (excessive alcohol consumption was defined as X3 units per day in men and X2 units per day for women) and level of leisure time physical activity (high physical activity ¼ heavy physical activity during 20 min or more, at least once a week). Sleep problems were assessed by the sum score of two items asking about problems falling asleep and problems to fall asleep again after wakening at night. Both items were scored on a five-point Likert scale from 'not at all' to 'very serious'. High level of sleep problems was defined as a sum score of X5.
Stress at work was measured by means of the Job Content Questionnaire, a standardized and internationally widely used instrument based on Karasek's job strain model. 20 The psychological job demand scale was composed of the sum score of five items. Job control was composed of the sum score of two subscales: 'skill discretion' or the level of skill and creativity required on the job (six items) and 'decision authority' or the possibilities for workers to make decisions about their work (three items). Social support at the workplace also consisted of the sum score of two subscales: 'supervisor support' (four items) and 'coworker support' (four items). The reliability and validity of the Job Content Questionnaire have been shown in the BELSTRESS cohort. 21 Job strain was defined as the ratio of job demands over job control.
Participants were asked about their current living situation; those living with partner were compared with others. One item with three response categories asked whether participants were generally satisfied about the contact with their children. We contrasted those being not very satisfied to those being rather or very satisfied. Depressive symptoms were assessed by the Center for Epidemiological Studies-Depression scale. 22 Symptoms of depression were calculated as the sum score of 11 items with three response categories. Those with scores of 19 or higher were considered as reporting high levels of depression symptoms, corresponding to the 80th percentile in the BELSTRESS II sample. 23 Anxiety was assessed by two items (feeling nervous or trembling inside during the last 2 weeks and feeling afraid or anxious during the last 2 weeks) with three response categories going from 'rarely or never' to 'most of the time'. Two items with the same response categories were used to define anger (being easily annoyed or irritated during the last 2 weeks and becoming angry because of unimportant matters during the last 2 weeks). Vital exhaustion was composed of one item with equal response categories (feeling mentally and physically completely exhausted at the end of the day during the last 2 weeks). High levels of anxiety and anger were defined as a sum score of X4 and high levels of vital exhaustion as a sum score of 3.
Participants were medically examined by trained members of the research team, using standardized methods. Body mass index was calculated as body weight (in kg) divided by the square of the height (in m). Overweight was defined as a body mass index of 25 or higher; those with a body mass index of 30 or higher were classified as obese.
Ambulatory BP monitoring. During 24 h, participants wore a SpaceLabs Medical ambulatory BP monitor (Model 90121, SpaceLabs Medical, Inc., Redmond, WA, USA). The monitor was programmed to measure the arterial BP every half hour during the day (from 0600 to 2200 hours) and every hour at night (from 2200 to 0600 hours). During the day, every measurement was preceded by a warning tone. Participants were asked to perform their regular activities at work and at home during the monitoring period, and not to detach the devices until the next day. They were also asked to register their 24 h schedule (time spent at work, at home and sleeping) in a diary.
Analysis
Based on the diary information, the average ambulatory BP of every participant was calculated for the periods during waking hours and during sleep. The average number of readings was 38 ( ± 4 s.d.) for the total registration period, 30 (±4 s.d.) for the waking period and 7 ( ± 2 s.d.) for the sleeping period. The ratio of mean awake BP over mean sleep BP was calculated separately for systolic and diastolic BP. Nondipping was defined when the average nocturnal decline in BP was o10% (awake/sleep ratio o1.10). Three nondipping classifications were addressed: nondipping systolic BP, nondipping diastolic BP and the combination of both systolic and diastolic nondipping.
Crude association between nondipping BP pattern and socio-demographic, behavioural and psychosocial factors was assessed by means of Fisher's Exact tests. Multiple logistic regression analyses were performed to examine the adjusted relation between behavioural and psychosocial factors and nondipping status.
Analyses were conducted using SPSS 15.0 software. Table 1 presents the sample characteristics for personal variables, socio-demographic factors and nondipping status.
Results
We compared nondipping pattern between sociodemographic groups (Table 2) . While all three nondipping classifications were examined, only the results for nondipping systolic and diastolic BP status are shown in the tables. Although not statistically significant, the prevalence of nondipping was higher in women. The gender discrepancy was more pronounced and borderline significant for nondipping diastolic BP (15% in women vs 6% in men; P ¼ 0.06). A significant association was observed between weight category and nondipping systolic BP, with higher prevalence of nondipping in obese persons (39% in obese persons vs 19% in others; P ¼ 0.04). Table 3 shows crude and adjusted associations of nondipping pattern in relation to behavioural and psychosocial factors. The prevalence of nondipping was significantly higher in those reporting a high level of sleep problems, but the relation was no longer significant after adjustments. Although we could not observe a crude association between nondipping and the dichotomized job strain variable, the continuous job strain scale significantly increased the risk for nondipping independent of covariates. Living alone and being unsatisfied about the contact with one's children significantly increased the nondipping risk independent of covariates. High levels of depressive symptoms and vital exhaustion were associated with nondipping; the adjusted relation with depressive symptoms became borderline significant. No significant results were observed for anxiety and anger, although high level of anxiety was significantly and independently related to nondipping systolic BP (adjusted odds ratio ¼ 3.32; 95% confidence interval ¼ 1.43-7.72).
In further analysis, the associations with all sociodemographic, behavioural and psychosocial factors were additionally adjusted for mean 24 h systolic BP level (results not shown). The risk of nondipping was significantly and independently associated with sleep problems, job strain, living alone, being unsatisfied about the contact with one's children, depressive symptoms and vital exhaustion.
Discussion
There is a growing body of evidence suggesting that a blunted nocturnal BP decline or nondipping has prognostic value for cardiovascular morbidity and mortality, over and beyond mean BP level. [5] [6] [7] On the other hand, the underlying pathophysiologic mechanisms and associative factors of this phenomenon are not fully understood. 8, 9 In this study, the association between nondipping BP pattern, behavioural and psychosocial factors was assessed in a Correlates of nondipping E Clays et al sample of 167 middle-aged men and women at work free from overt coronary heart disease.
Only minor associations were observed with personal and socio-demographic factors. A modest nonsignificant relation was found with gender, women being more frequently nondippers than men. Gender has been suggested as a factor possibly implicated in nondipping BP pattern, although more studies are needed to confirm this finding. 8 Advanced age has been identified as an associative factor of nondipping in several studies, although not all research supports this finding. 8, 9, 14, 24 The association with age was not confirmed in our study, which could be due to the relatively small age span in our sample. Nondipping was negatively associated with educational level and occupation, which is in line with findings from other studies suggesting higher risk of nondipping in people with lower socio-economic status. 8, 24 Several studies reported associations of nondipping with overweight or obesity. [24] [25] [26] The increased prevalence of nondipping in obese persons was borderline significant in our study.
As for behavioural risk factors, nondipping was not significantly related to smoking, alcohol consumption and leisure time physical activity in our sample. Tobacco smoking and physical activity have been suggested as lifestyle factors associated with nondipping BP pattern, 9 although negative findings regarding the relation with smoking have also been reported. 14 Research on alcohol consumption in relation to nondipping, however, is almost nonexistent. One study observed higher consumption of alcohol in hypertensive subjects classified as dippers. 11 Our results supported the widely available research findings, indicating that nondipping is associated with lower sleep quality. 8, 24, [27] [28] [29] Nondipping BP pattern was consistently related to psychosocial factors in this study: associations were found with measures of job strain, private life support and mental health. Relatively few studies have linked nondipping to psychosocial variables. Results of these studies are often based on small sample sizes and a lot of conflicting results have been reported. Higher levels of perceived stress were observed in dippers in a sample of 173 men and women with normal BP 30 and in a sample of 47 hypertensive women, 13 while null findings were reported in a study including 62 hypertensives.
11
A relationship between posttraumatic stress disorder and nondipping was detected in a small sample of 30 young blacks. 12 On the other hand, no studies have reported on the relation between work-related stress and nondipping in a working sample. Our results clearly suggest that job strain is an independent risk factor for nondipping. Convincing findings were also observed with social support in private life: living alone and being unsatisfied Correlates of nondipping E Clays et al about the contact with one's children significantly and independently increased the nondipping risk. Again, only a small number of studies that examine this issue are available in literature. Emotional support and social network were found to be inversely related to nondipping in a sample of 68 elderly blacks. 10 A few small studies reported lack of association between marital status and nondipping. 13, 14 Results in literature regarding mental health indicators and nondipping are highly conflicting. While anger, hostility and depression have been reported among hypertensive individuals with a nondipping BP profile, 8 other studies did not observe associations with anxiety, depression or mental health-related quality of life. 11, 14, 15 In our sample, depressive symptoms and vital exhaustion increased the risk of nondipping.
Nondipping BP pattern in this study was defined on the basis of a single ambulatory BP monitoring period of 24 h. However, nocturnal BP patterns and nondipping classifications were shown to have a poor reproducibility over time. 31, 32 Given the limited reliability of the nondipping classification in our study, it is likely that some of the correlations have been underestimated.
There are a number of possible methods to define awake and sleep times in ambulatory BP studies. The wide fixed time method (defining the same fixed awake and sleep times for all participants without eliminating transition times) has been proven less reliable because this method is inappropriate to define awake and sleep times. 33 Awake and sleep times in our study were individually defined based on diary information. This method can be reasonably assumed to have the highest reliability as to wake and sleep definitions and it has the advantage that all BP measures can be used.
The main limitation of this study is the relatively small sample size. We can assume a limited ability to detect significant relations because of lack of statistical power. Some important associations may possibly not have been observed because of this shortcoming. Also, we were restricted in selecting covariates for inclusion in the multiple regression analysis because of the sample size.
The results presented here were obtained from cross-sectional analysis, which restricts the ability to detect causal relations between risk factors and nondipping BP pattern. More prospective studies are needed to identify prognostic factors of nondipping.
Participants in the BELSTRESS II study were not recruited from a representative sample of the active working population in Belgium, which may limit the external validity of the results. Nonetheless, the study sample presented here contains considerable variability in socio-demographic characteristics, occupational groups and companies. Within four organizations from the BELSTRESS II study, a subsample was randomly selected for the supplementary study with ambulatory BP measurements. There was no evidence for a selection bias due to this selection since the final substudy sample did not differ from the group of not selected participants regarding gender, age, educational level or office BP.
In conclusion, in a sample of 167 middle-aged men and women at work free from overt coronary heart disease, nondipping systolic and diastolic BP was associated with lower socio-economic status, high level of sleep problems, job strain, measures of What is known about this topic K There is growing evidence suggesting that nondipping blood pressure pattern is related to an increased risk of cardiovascular morbidity and mortality. K The underlying pathogenetic mechanisms of nondipping are not completely understood. K The available evidence on nondipping and psychosocial factors is especially scarce and inconsistent results have been reported.
What this study adds K Nondipping was consistently related to psychosocial factors in a sample of 167 middle-aged men and women at work free from overt coronary heart disease. K Positive associations were observed between nondipping and lower socio-economic status, poor sleep quality, job strain, poor private life support and mental health problems.
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